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Passive solar Design makes 
use of natural energy flows 
as the primary means of 
harvesting solar energy. 
Passive solar systems can 
provide space heating, 
cooling –load avoidance, 
natural ventilation, water 
heating and daylighting. 
Passive solar design is an 
approach that integrates 
building components, exterior 
walls, windows, and building 
materials to provide solar 
collection, heat storage, and 
heat distribution 
Designing the passive system: 
HEATING 
DIRECT GAIN 
INDIRECT GAIN 
SUNSPACE 
COMBINED SYSTEM 
COOLING 
SHADING 
NATURAL VENTILATION 
HEAT GAIN CONTROL 
 
PASSIVE SYSTEMS: DIRECT GAIN- GREEN HOUSE 
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The greenhouse effect results from a 
process whereby short-wave solar energy 
is collected through glazing, absorbed by 
opaque elements in the building, and reemitted 
as long wave radiation which is 
prevented by the glazing from leaving the 
building.  
Passive heat storage means that building parts 
with high heat capacity can absorb and emit heat 
when the temperature in the environment 
changes. This is a phenomenon that always takes 
place, even if no direct actions are carried out to 
utilize it at its full capacity. 
PASSIVE SYSTEMS: DIRECT GAIN- ATRIUM SYSTEM 
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Arch. Herzog- Low cost dwellinng in 
Rome (ITALY) Atrium System 
PASSIVE SYSTEMS: DIRECT GAIN- ATRIUM SYSTEM 
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PASSIVE SYSTEMS: DIRECT GAIN- Trombe-Michelle Wall 
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A trombe wall puts the thermal mass directly behind the glazing 
to reduce glare and overheating in the occupied space. A 
sunspace keeps the glass and the mass separate from the 
occupied space but allows for the transfer of useful heat into 
the building by convenction or a common mass wall; 
temperatures in a sunspace are allowed to fluctuate around the 
comfort range. 
PASSIVE SYSTEMS: DIRECT GAIN- Trombe-Michelle Wall 
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If an element of the wall has 9 hours  
of phase displacement (H) it  has a good behaviour during Summer too. 
In fact 9 hours of phase displacement let the heat produced in the earlier hours of the 
afternoon arrive inside the house only  during night , when it’easier to dissipate it  
thanks to cross ventilation. It’s even superfluous to have bigger value of phase 
displacement . 
Attenuation is important too,  it’s convenient to have values under 35% , although it’s 
strictly connected to phase displacement , thus an external wall with di 9-10 hours of 
phase displacement will have a sufficient attenuation. 
In Italy DPR 59/09 after the DLgs 192/05 introduces a new value  
“periodic thermal transmittance” (YIE). This parameter points out the capacity of a matt 
wall to dephase the thermal flow that cross it during 24 hours of a day. This value is 
defined by an European law UNI EN ISO 13786:2008 and puts together both phase 
displacement and attenuation. 
 
 Tipo di struttura 
spessore 
(cm) 
U 
(W/m²
K) 
Ms 
(kg/m
²) 
Yie 
(W/m²
K) 
sfasam. 
(h) 
attenuaz. 
(%) 
1 
Hollow Brick 
Laterizio forato 
 
22 1,1 240 0,49 7,6 45 
2 Hollow Brick  30 0,85 326 0,21 10,8 25 
3 Rock (tufo) 50 2,15 1150 0,11 15,9 5 
4 Brick+ external insulation 31 0,31 269 0,05 10,8 18 
5 
Brick+ 
Intermediate 
insulation 
31 0,31 269 0,08 11,2 27 
6 Brick+ inside insulation 31 0,31 269 0,06 10,5 21 
7 
Alternation in 
layers 
mass/insulation/m
ass 
24 0,2 68 0,08 9,5 38 
8 
Woden Roof 
Insulated with  
wood fiber 
30 0,3 30 0,17 7,2 58 
9 
Woden Roof 
Insulated with 
polyurethane 
28 0,22 15 0,19 2,9 90 
 
 
 
PASSIVE SYSTEMS: DIRECT GAIN- Barra – Costantini Wall and Diode Wall 
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PASSIVE SYSTEMS: DIRECT GAIN- Rock- bed 
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The picture points out that  the distance between a building  and an 
obstacle is due to the solar angle and the heigth of the obstacle 
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PASSIVE SYSTEMS: DIRECT GAIN- ROOF - POND 
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A pond of water on a roof structure that cools a building by evaporation. Because the water increases the thermal 
mass of the building, it also increases the gain in solar energy, storing the absorbed energy during the day, when it is abundant, for later use.  
PASSIVE SYSTEMS: DIRECT GAIN- Ventilated Wall 
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PASSIVE SYSTEMS: DIRECT GAIN- Ventilated Wall 
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Primary school in Riccione (RN)  
ACTIVE  SYSTEMS: SOLAR PANELS 
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Active heat storage is when the structural parts of the building are used as a part of the 
heat system, for example by letting the intake air pass through holes in slab elements or by 
embedding the pipes of the heating system in the structure. With such systems the 
advantages of heat storage increase. Up to 20% reduced heating needs are mentioned.  
ACTIVE SYSTEMS: Collectors  
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The two basic components are collectors , 
usually mounted on the roof or ground and an 
insulated storage tank. Active system contains 
mechanical pumps for circulating the collection 
fluid , which is either plain water or water 
containing antifreeze 
ACTIVE SYSTEMS: Photovoltaic Cells 
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Amorfous photovoltaic cells on canadian tiles  
ACTIVE SYSTEMS: Heat Pump 
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ACTIVE SYSTEMS: geothermy heating and cooling system 
 
Substainable Architecture 
DESIGN PROJECTS M - ARCH: DONATA BIGAZZI 
 
 
You can install all loopfields at a 
depth of 40 cm. , but it would be 
the size of a football field. The 
deeper you dig, less pipes you 
need. The goal is to find 
economicity by understanding the 
relationship between  
depth and loop length of pipes. 
The horizontal slinky loop configuration  
ACTIVE SYSTEMS: District heating and condensation boilers  
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Example of a shelter space for District heating 
Traditional boiler Condensation boiler 
(Energy performance) 
Example of sustainable design 
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